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Abstract 

Excessive consumption of monosodium glutamate 

(MSG), a widely used food additive. Increased 

body mass index (BMI) is associated with meta-

bolic disturbances, hormonal imbalance, and oxi-

dative stress, all of which may adversely affect 

male reproductive function and increase the risk of 

infertility.  
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Aim of study: To investigate the association between Body 

Mass Index (BMI) and monosodium glutamate (MSG) con-

centrations in serum and seminal plasma, and to assess their 

correlations with semen parameters and reproductive hor-

mones in infertile men. 

A cross-sectional study was conducted on 75 infertile Iraqi 

men (mean age 30.4 ± 5.7 years; mean BMI 28.5 ± 5.0 kg/m²). 

Participants were classified by BMI (normal, overweight, 

obese). Semen analysis followed WHO guidelines. Serum 

and seminal MSG were measured, and seminal malondialde-

hyde MDA as an oxidative stress marker by ELISA, while 

serum testosterone, FSH, and prolactin were assessed using 

Mini-VIDAS. 

A tendency toward an inverse relationship between Serum 

glutamate and obese participants was noted, but this did not 

achieve statistical significance (p=0.056).  

A significant negative correlation was found between semen 

volume and serum glutamate levels (r = −0.22, p < 0.05), as 

well as between immotile sperm percentage and seminal 

MDA levels (r = −0.32, p < 0.05). Hormonal analysis revealed 

no statistically significant associations between BMI and tes-

tosterone, FSH, or prolactin levels; however, a non-signifi-

cant increasing trend in FSH levels was observed in obese 

men. 

Oxidative stress was mainly associated with sperm immotil-

ity, while serum glutamate showed a weak inverse association 

with semen volume and tended to be inversely related to obe-

sity. 
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    Introduction  

Infertility is defined by the World Health Organ-

ization (WHO) as the inability to conceive after 

one year or more of regular unprotected inter-

course. Approximately 17.5% of the adult pop-

ulation, about one in six couples, experiences in-

fertility, with a lifetime prevalence of 17.8% in 

high-income countries and 16.5% in low- and 

middle-income countries (1). It is estimated that 

20–30% of infertility cases are attributed solely 

to male factors, and male-related causes contrib-

ute to approximately 50% of cases among infer-

tile couples (2).  

Male infertility is a complex and multifactorial 

disorder influenced by genetic, hormonal, meta-

bolic, and environmental factors (3). Recent ev-

idence highlights the role of metabolic and die-

tary components in male reproductive function, 

particularly in the context of rising global rates 

of obesity and associated metabolic dysfunction. 

Body mass index (BMI) is frequently used as an 

indicator of adiposity and has been correlated 

with impaired semen parameters, hormonal im-

balance, and systemic oxidative stress, all of 

which may adversely affect male fertility (4).  

Despite advances in reproductive medicine, 

more than 30% of male infertility cases remain 

idiopathic, with no clearly identifiable cause 

(5,6).  Studies investigating the relationship be-

tween BMI and idiopathic male infertility have 

yielded inconsistent results. For instance, re-

search conducted among Chinese infertile men 

found no significant correlation between BMI 

and sperm concentration, total serum testos-

terone, or HDL-C levels (7). Similarly, waist 

circumference (WC) did not show a significant 

association with semen quality parameters, sug-

gesting that obesity alone may not directly influ-

ence idiopathic male infertility (8).  

 

 

 

Monosodium L-glutamate (MSG), which is de-

rived from glutamic acid, is widely utilized 

across the globe as a flavor-enhancing agent and 

food additive, with its concentrations differing 

among various food items (9). It is frequently in-

corporated into numerous processed food prod-

ucts, such as snacks, soups, sauces, and season-

ing cubes (10). Evidence from experimental an-

imal models indicates that excessive intake of 

MSG at elevated doses may negatively impact 

male reproductive health. These adverse effects 

include decreased sperm count and motility, dis-

ruption of normal testicular function, and inhi-

bition of essential reproductive hormones 

(11,12). Conversely, glutamate itself is a vital 

amino acid that participates in multiple critical 

physiological functions, including neurotrans-

mission, cellular energy production, antioxidant 

mechanisms, and protein biosynthesis. In the 

context of the male reproductive system, gluta-

mate contributes positively to sperm physiology 

by supporting cellular energy balance and main-

taining redox homeostasis, thereby promoting 

optimal sperm function (13,14).  

In this context, understanding the impact of ex-

ternal factors such as dietary monosodium glu-

tamate (MSG) on these glutamate-dependent 

pathways is important, especially considering 

the rising prevalence of obesity and idiopathic 

infertility among men, aiming to clarify whether 

monosodium glutamate could play a contrib-

uting role in male infertility. 

Materials & Methods  

Study Design 

The study was conducted as a cross-sectional 

study in the High Institute for Infertility Diag 

nosis and   Assisted  Reproductive Technologies 
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/Al-Nahrain University, and Burathaa Lab in 

Baghdad, Iraq, from September 2024 until June 

2025. 

Three basic variables were covered: age, body 

mass index, and dietary patterns. Samples col-

lected from 75 infertile men, with a mean age of 

30.757 ±5.28, ranged from 19 to 50 years old. 

The participants had a mean body mass index 

(BMI) of 28.5 ± 5.0 kg/m² (15), which indicates 

that the study population was predominantly 

overweight. Study participants were categorized 

based on BMI as normal-weight (BMI <25, 

n=18), Overweight (BMI 25-30, n=34), and 

obese (BMI >30, n=22). Furthermore, dietary 

patterns showed that most participants (61.3%) 

consumed fast food regularly, whereas only 

38.7% followed an organic food diet. 

Exclusion criteria were patients with diabetes 

mellitus, Cancer patients, and those undergoing 

chemotherapy, Patients with varicocele, genetic 

mutations, and alcohol consumption.  

Seminal fluid analysis  

Semen samples were collected after a sexual ab-

stinence period of 2–7 days. Collection was per-

formed in a private room adjacent to the labora-

tory through masturbation into clean, wide-

mouth sterile plastic containers. Samples were 

allowed to liquefy in an incubator at 37 °C, after 

which viscosity was assessed by gentle aspira-

tion using a wide-bore plastic pipette. After 

macroscopic examination according to WHO 

guidelines, microscopic evaluation was con-

ducted to assess sperm count, concentration, 

motility, normal morphology, agglutination, and 

the presence of round cells or other cellular ele-

ments. Among the study participants, 13 had 

normal semen parameters, 40 had oligozoo-

spermia, 45 had teratozoospermia, 17 had asthe-

nozoospermia, and 9 had non-obstructive azoo-

spermia. 

Monosodium glutamate and Hormonal analy-

sis in blood serum  

Venous blood samples (5 mL) were collected 

from all study participants and centrifuged, with 

the separated serum preserved at −20 °C. Serum 

MSG measure using Eliza (SUNLONG Biotech, 

China) 

Serum levels of follicle-stimulating hormone 

(FSH), Prolactin, and testosterone were deter-

mined using the MiniVidas device (BioMerieux, 

USA). 

Monosodium glutamate analysis and oxidative 

stress in seminal plasma 

For MSG assessment in seminal plasma, the se-

men samples were centrifuged at 3,000 rpm for 

20 min, and the supernatant was carefully sepa-

rated from the pellets and well-kept at −20°C. 

Glutamate levels were measured using an en-

zyme-linked immunosorbent assay (ELISA) kit 

(SUNLONG Biotech, China) with a sensitivity 

concentration of 0.5µmol/L Using the double-

sandwich ELISA technique, the micro-ELISA 

plates were pre-coated with human glutamate-

specific antibody for accurate quantitative de-

tection. The study was approved by the Depart-

ment of Applied Embryology, High Institute for 

Infertility Diagnosis and Assisted Reproduction. 

Results: 

This study included 75 infertile Iraqi men with a 

mean age of 30.4 ± 5.7 years (Table 1). The par-

ticipants had a mean body mass index (BMI) of 

28.5 ± 5.0 kg/m², which indicates that the popu-

lation was predominantly overweight. The die-

tary patterns shown in Table 2 indicated that 

most participants (61.3%) consumed fast food 

regularly, whereas only 38.7% followed an or-

ganic food diet. 
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Seminal fluid analysis 

Moving to the primary fertility indicators, se-

men analysis revealed widespread abnormalities 

across multiple parameters (Table 3). The me-

dian sperm concentration was 8.0 [1.7-21.5] 

million/ml, which falls below the WHO refer-

ence value of 15 million/ml. Consequently, 

62.7% of participants showed abnormal sperm 

concentration. Similarly, the total sperm count 

was abnormal in 64.0% of cases, with a median 

of 23.0 [4.5-63.0] million. Moreover, sperm mo-

tility parameters were also compromised.   

Progressive motility averaged 29.4 ± 19.2%, 

with 46.7% of participants falling below the nor-

mal threshold of 32%. Total motility showed 

similar patterns, with 42.7% of participants pre-

senting abnormal values. Most notably, sperm 

morphology was severely affected: 73.3% of 

participants had abnormal morphology, with a 

median of only 1.0% [1.0-4.0] normal forms, 

compared with the reference value of >4%. 

Serum levels of sex hormones and prolactin 

Hormonal assessment showed varying patterns 

of dysfunction (Table 4). While most partici-

pants (72.7%) maintained normal FSH levels, 

21.8% showed elevated values and 5.5% had 

low levels. Prolactin levels were elevated in 

36.7% of participants, with none showing low 

values. Regarding testosterone, approximately 

one-quarter of participants (24.3%) had low lev-

els, while the majority (72.9%) remained within 

the normal range. 

 

Table 1: Clinical outcomes of embryo assessment technologies in 

assisted reproductive technology 

Continuous variables 

Variable Mean ± SD Median [IQR] Range 

Age, years 30.4 ± 5.7 29.0 [26.5-34.0] 19.0-46.0 

BMI, kg/m² 28.5 ± 5.0 28.2 [25.3-30.9] 17.9-41.1 

Weight, kg 86.4 ± 16.8 85.0 [74.2-95.0] 58.0-150.0 

Height, cm 174.1 ± 8.2 173.0 [169.0-180.0] 158.0-198.0 

 

                           Table 2. Lifestyle factors distribution (N= 75). 

Factor n (%) 

Dietary pattern 

Fast food 

Organic food 

 

46 (61.3%) 

29 (38.7%) 

 

    Table 3: Semen Analysis Parameters According to WHO 2021 Reference Values. 

Parameter Mean ± SD Median [IQR] Reference range % Abnormal 

Volume (ml) 3.2 ± 1.6 3.0 [2.0-4.0] 1.5-5.0 14.7% 

pH 7.5 ± 0.1 7.5 [7.5-7.5] 7.2-8.0 0.0% 

Concentration (10⁶/ml) 13.9 ± 15.8 8.0 [1.7-21.5] >15 62.7% 

Total Count (10⁶) 42.0 ± 54.2 23.0 [4.5-63.0] >39 64.0% 

Progressive motility (%) 29.4 ± 19.2 32.0 [12.0-46.0] >32 46.7% 

Total motility (%) 39.1 ± 23.3 43.0 [23.0-56.0] >40 42.7% 

Normal morphology (%) 2.6 ± 3.5 1.0 [1.0-4.0] >4 73.3% 
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  Table 4. Distribution of Hormone Levels. 

Hormone Mean ± SD Reference range Low Normal High 

FSH (mIU/ml) 9.46 ± 11.23 1.5-12.4 3 (5.5%) 40 (72.7%) 12 (21.8%) 

Prolactin (ng/ml) 14.50 ± 6.47 4.0-15.2 0 (0.0%) 31 (63.3%) 18 (36.7%) 

Testosterone (ng/ml) 4.06 ± 1.73 2.8-8.0 17 (24.3%) 51 (72.9%) 2 (2.9%) 

 

Progressive motility averaged 29.4 ± 19.2%, 

with 46.7% of participants falling below the nor-

mal threshold of 32%. Total motility showed 

similar patterns, with 42.7% of participants pre-

senting abnormal values. Most notably, sperm 

morphology was severely affected: 73.3% of 

participants had abnormal morphology, with a 

median of only 1.0% [1.0-4.0] normal forms, 

compared with the reference value of >4%. 

Serum levels of sex hormones and prolactin 

Hormonal assessment showed varying patterns 

of dysfunction (Table 4). While most partici-

pants (72.7%) maintained normal FSH levels, 

21.8% showed elevated values and 5.5% had 

low levels. Prolactin levels were elevated in 

36.7% of participants, with none showing low 

values. Regarding testosterone, approximately 

one-quarter of participants (24.3%) had low lev-

els, while the majority (72.9%) remained within 

the normal range. 

Glutamate and MDA levels   

The study showed different patterns between 

blood and seminal plasma (Table 5). Blood glu-

tamate levels averaged 3.61 ± 2.14, while semi-

nal plasma glutamate was slightly lower at 3.01 

± 1.09. Additionally, the oxidative stress marker 

MDA in seminal plasma averaged 38.65 ± 

11.90, which indicates considerable oxidative 

stress in the reproductive system. 

Table 6, showed a significant negative correla-

tion with the percentage of immotile spermato-

zoa (r = −0.32, P ≤ 0.05), while no significant 

correlations were observed with other semen pa-

rameters (P > 0.05). A significant negative cor-

relation was detected between blood glutamate 

levels and semen volume (r = −0.22, P ≤ 0.05). 

No significant associations were found between 

glutamate levels in either blood or seminal 

plasma and the remaining semen parameters (P 

> 0.05). 

  

 

             Table 5. Glutamate and MDA Levels. 

Marker Sample Mean ± SD Median [IQR] Range 

Study biomarkers 

Glutamate Blood serum 3.61 ± 2.14 2.97 [2.46-3.84] 1.63-13.17 

Seminal plasma 3.01 ± 1.09 2.76 [2.17-3.73] 1.25-6.44 

Oxidative stress marker 

MDA Seminal  

plasma 

38.65 ± 11.90 31.90 [30.30-51.85] 24.70-63.13 

MDA, malondialdehyde. 
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Table 6: Estimate of the Correlation Coefficient Between Semen Parameters with MDA and Glutathi-

one in the Study Samples 

 

 
 

 

 

                     

 

 

 

 

 

 

 

 

 
Figure 1: Distribution of biochemical markers in blood and seminal plasma samples from infertile Iraqi men. Histograms 

with overlaid kernel density estimation curves showing the distribution of: A) glutamate concentration in blood, B) glu-

tamate concentration in seminal plasma, C) malondialdehyde (MDA) concentration in seminal plasma. Sample sizes (n) 

are indicated for each measurement. The density curves illustrate the probability distribution of each biomarker, with 

shaded areas representing the data spread. 

 

Semen parameters 

Correlation coefficient-r 

P - MDA P - Glutamate Blood P - Glutamate Seminal 

Volume -0.13  -0.22 * -0.02  

Concentration  0.12  -0.03  -0.09  

Count  0.07  -0.10  0.02  

Progressive Motile Sperms % 0.12  -0.02  -0.06  

Non-progressive Motile Sperms % 0.08  -0.06  -0.10  

Immotile Sperm % -0.32 * 0.16  -0.06  

PH -0.09  0.02  0.07  
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Semen parameters across BMI 

 The analysis of semen parameters across BMI 

categories revealed no significant associations 

(Figure 2). Normal weight participants (BMI 

<25, n=18) had slightly lower semen volumes 

(median 2.60 ml) compared to overweight (BMI 

25-30, n=34, median 3.00 ml) and obese partic-

ipants (BMI >30, n=22, median 3.00 ml), 

though these differences were not statistically 

significant (p>0.05). Moreover, sperm concen-

tration showed a non-significant trend toward 

lower values in obese men (median 3.85 × 

10⁶/ml) compared with normal-weight (median 

9.00 × 10⁶/ml) and overweight participants (me-

dian 8.50 × 10⁶/ml; p>0.05). Progressive motil-

ity followed a similar pattern, with obese men 

showing the lowest values (median 23.00%) 

compared to overweight (median 40.00%) and 

normal weight participants (median 32.00%, 

p>0.05). Normal morphology percentages were 

comparable across all BMI categories (p>0.05). 

Glutamate and MDA biomarkers across BMI 

categories    

Analysis of biomarkers across BMI categories 

revealed a tendency toward an inverse relation-

ship between Serum glutamate and obese partic-

ipants, but this did not achieve statistical signif-

icance (p=0.056) (Figure 4). Obese participants 

showed lower blood glutamate concentrations 

(median 2.62) compared to normal weight (me-

dian 3.15) and overweight individuals (median 

3.22, p<0.056). This finding suggests a probable 

relationship between body weight and glutamate 

metabolism. Nevertheless, seminal glutamate 

levels did not follow this pattern, showing simi-

lar concentrations across all BMI categories 

(p>0.05). Seminal MDA levels showed no sig-

nificant associations with BMI categories 

(p>0.05 for both). 

 

 

Figure 2. Box-violin plots showing semen parameters by BMI category: A) semen volume by BMI category, B) sperm 

concentration by BMI category, C) progressive motility percentage by BMI category, D) normal sperm morphology per-

centage by BMI category. Each panel shows the distribution using violin plots, box plots (median and IQR), and individ-

ual data points. Significant values (p≤0.05) are displayed in red.   
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Figure 3. Box-violin plots showing biomarker levels by BMI category: A) glutamate (blood) by BMI category, B) glu-

tamate (semen) by BMI category, C) MDA (semen) by BMI category. Each panel shows the distribution using violin 

plots, box plots (median and IQR), and individual data points. Significant values (p≤0.05) are displayed in red. 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. Subgroup analysis by BMI categories shows hormones (testosterone, FSH, and prolactin) among three BMI 

groups (Normal <25, Overweight 25-30, Obese >30). P-trend values from Pearson correlation analysis with BMI as con-

tinuous variable. 
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Figure 5. Subgroup analysis by age categories shows semen parameters (volume, pH, concentration, progressive motility, 

total count, and normal morphology) among four age groups (<25, 25-30, 31-35, >35 years). P-trend values from Pearson 

correlation analysis with age as continuous variable. 

 

Discussion: 

As shown in Table 1, the demographic charac-

teristics of the 75 infertile Iraqi men included in 

the current study, the mean age of 30.4 ± 5.7 

years (range 19-46 years) is the typical repro-

ductive age when couples actively follow fertil-

ity evaluation, aligning with regional studies 

(16). examined similar age populations of Iraqi 

infertile men. Also, the notably elevated mean 

of 28.5 ± 5.0 kg/m2 is particularly noticeable, as 

it places the majority of the population in the 

overweight category according to WHO classi-

fications, a finding that mirrors the broader obe-

sity epidemic in Iraqi society and is consistent 

with multiple Iraqi fertility studies that have  

 

reported similar BMI elevations in infertile 

males (16,17).  

Semen parameters across BMI 

As shown Figure 2, demonstrate lack of statisti-

cally significant BMI associations with semen 

parameters, despite trends toward worse out-

comes in obese men (concentration 3.85 vs 9.00 

× 10⁶/ml in normal weight), contrasts sharply 

with the strong literature demonstrating BMI is 

impact on fertility (18). In their large cohort 

study found significant decreases in volume, 

concentration, and motility with increasing 

BMI, while other study reported 
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oligozoospermia rates rising from 5.32% in nor-

mal weight to 15.62% in obese men (19).  

Blood glutamate, MDA and SFA  

The correlation analysis revealed a statistically 

significant negative association between blood 

glutamate levels and semen volume, suggesting 

that elevated systemic glutamate may adversely 

affect seminal fluid production. This finding 

may indicate a potential systemic influence of 

glutamate on accessory sex gland function. 

These results are consistent with previous find-

ings in bucks, where MSG exposure led to dose-

dependent reductions in semen volume (20).  

The glutamate and BMI categories  

According to Figure 4 show tendency toward an 

inverse relationship between Serum glutamate 

and obese participants was noted, but this did 

not achieve statistical significance (p=0.056). 

Reveals complex metabolic alterations in obe-

sity beyond simple oxidative stress. In contrast 

to (21). who observed an association between 

reduced glutamate levels and abnormal sperm 

morphology, the present finding implies that 

BMI-related variations in glutamate might act 

through pathways different from those directly 

impacting sperm characteristics. The progres-

sive decline in blood glutamate (3.98 to 2.93) 

with increasing BMI reveals metabolic altera-

tions potentially impacting spermatogenesis at 

the cellular level. These biomarker changes sug-

gest that obesity induces metabolic dysregula-

tion affecting amino acid metabolism which 

could compromise sperm production through 

mechanisms not immediately apparent in con-

ventional semen analysis. The consistent direc-

tional trends across multiple domains, motility 

decline, FSH elevation, and metabolic bi-

omarker alterations, support the biological plau-

sibility of obesity’s detrimental impact on male 

fertility, emphasizing the need for weight man-

agement as part of comprehensive infertility 

treatment even when initial semen parameters 

appear unaffected. 

MDA and Hormonal profile with BMI cate-

gories   

According to Figure 5 illustrated increasing 

FSH trend with obesity (9.78 to 12.70 mIU/ml, 

p=0.150) suggests compensatory pituitary stim-

ulation responding to impaired testicular func-

tion, consistent with (22). who found mild but 

significant BMI-hormone relationships in sub 

fertile men. The biomarker analysis of signifi-

cant oxidative stress burden and metabolic alter-

ations in our infertile patients, with the elevated 

seminal MDA levels (38.65 ± 11.90) providing 

direct evidence of lipid peroxidation within the 

reproductive tract. This finding aligns strongly 

with multiple studies demonstrating increased 

oxidative stress markers in infertile men (23) re-

ported significant MDA accumulation nega-

tively correlated with sperm motility and mor-

phology, while the meta-analysis (24) across 65 

studies confirmed consistently elevated MDA 

and decreased antioxidant capacity in infertile 

populations. 

Conclusion 

The results indicate a potential role of oxidative 

stress in male infertility, particularly reflected 

by the significant association between seminal 

MDA levels and sperm immotility. Serum glu-

tamate showed a weak but significant inverse 

correlation with semen volume, while no signif-

icant associations were observed with other se-

men parameters. Additionally, an inverse trend 

between serum glutamate levels and obesity was 

noted without reaching statistical significance. 

Further studies with larger sample sizes are re-

quired to better elucidate the role of glutamate 
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metabolism and oxidative stress in male repro-

ductive function. 
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